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(54) PACKET COMMUNICATION NETWORK 

(57)Abstract: 

PURPOSE: To perform continuously rational traffic management and to 
reduce relating overheads by dynamically coping with the change of a traffic 
parameter. 

CONSTITUTION: In a source band width management sub system provided 
in the respective end nodes of a network, traffic from a user is adapted to 
the network by a leakage packet 34 and outputted. When incoming traffic 
characteristics deviate from a prescribed value, correction work is 
perfomned in a prediction and adaptation module 33. At the time, the initial 
prediction of the traffic characteristics is sent to a route selection 
controller 30 along with a service quality request and an optimum 
connection route for satisfying the request is obtained by a prescribed 
mathematical expression and is sent as a band width request. When an 
acceptance response is present, the leakage packet 34 is operated, the 
introduction of user traffic is started and the prediction and adaptation 
module. 33 simultaneously monitors the traffic, and when the change is „ 
generated, performs a new band width request and updates a leakage 
packet parameter. 
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(57) [!^fFW^(7)®H] 

^-v ^'7-i'l^©tliH/T/-h**^^.?e5ty- 
^ ^ n ^' t* -5 i , 



10 



-hRumw.m^mm(Dm^m^'^tsm?.^i^\^y h • 

tries' ^nfc^ScOflfltaspi^t*-;/ h • I'-hWSiJ^ 



( 2 ) 4#fF 2 7 9 4 0 8 2 

3 4 

•yh^-i/. mi] 

R (r-ni) exp (-Tj/b. r) / (R-m) r-m (R-r) exp (-n/b.t) =ki Qt 

7j=M, (r-m) R'/ (R-m) (R-r) r [W*«6] ffiRlr/- K tSBife/- H^+iS^i^b, mi 

SIX. tBtUWy-H*>e.HfIge^5t/- h*'s1fffiK)x-:^;5';p • A 

5= (r-m) RV (R-m) (R-r) rb., <7 h 7-i7^©Miem#C07 P-5-Sfm-r^;^T--y 

y-X+J(y-X)*+AyXmlR ns/t^r hoa*ffi^S-t-^'-rsXT->> l/t, 

y= { (R-m) /R) b. , In {1/e,) 

k, «. 2 1 1 OwrB^coS^, •vT'*^ ^zi5'^nfc1fiic®t(rlB¥J^tf-:/ h • l^-h<D 

k, tt, 1. 1 cbiilS;*:^^©^^, i^-r^X5^-y^*^tr, l»*^6B24£®;^fe 

[15:7} 

R (r-m) exp (-7j/b, t) / (R-m) r-m (R-r) exp (-7?/bei) =k, 

t»8] 40 ^ = 

7j=Mg (r-m) R'/ (R-m) (R-r) r 

[ic9] tl&12] 

— y= { (R-m) /R) be, In (1/et) 

[^10] T. 

(5= (r-m) R'/ (R-m) (R-r) r b. , Rtt, HfUBtB^/- h*75^b<Dff ^<7Da;>ce<;/ H • 1/- 

1] 50 r«. SatBjiJ*A*ir-;/ h$iJ^SIlp]SS©i/U-> • K-i'> 



( 3 ) 

5 

b., mmmm/- k*^5««^cdw2S/n*-x 

k, tt. 1. 1 t*IPI;^^1(D^|g:. 

F^^. 10 
[0 0 0 1] 

[0 0 0 2] 20 
>:^— OyS^ (ongoing basis ) T^-y h^ — i^^ 

*SI#t-r-5^*fi;^j:ifiiJ5fej5^. 1992^9^10 Hffi^® 
^J||*©?feB#¥lFffl^^ 9 4 2 8 7 3 ^J±^mm^ 30 
iyM5274625^^:;a:-3fc) f^^gtlTV^^. Z-COtHm 

:^-:$'\Z, XMhyy^ v^(n\f. — fj ■ \iyh - V—Y 

V-V-Vvn. . •y^'CD^pJ^A*- 

v^tf^'m^\z.mmon^mz'^:^r^^y/^y ■ -ru 

Cinttl^it)»3)-i>"t&©:S^ (exponential subst 40 

itution ) "wmz^yymn^n^, ^oi.tzmm.-yo 

< mtJ:^ h y y yi/X'it. CW^fiiA- 
X hmtn^<Dhyy^ yif(DJ:DiEmrj.^m^^^ 

se-pT. mc&mmm±izis\f^j:r)Mm&uhy 
y^y^^^m^zr^o 

[0 0 0 3] M'^/^y ^n(DVyy ^ y'7(D 

mm^'^mm'K%ii-i^x^<^ty^n\z. m^v-x© 
^ h -7 - 57 'v.coT ^7 -ir X srM^-r -5 it $ n 

So iiJ^/'^yy VWM (leaky bucket mechanism) 

Vyy ^ y^iimmiSi-&^mX^^^\Z. ^'-yh'7-i7 50 



it#fl=2 7 9 4 0 8 2 

6 

yh'7~i7-^<Dmm7i7±X^-Simt'r^. lOWCl'P 

1 9 9 2^9^ 1 0 Bffi^© 
^JII4'©?|Sa#fiFtliS^9 4 3 0 9 7^_0f;©^^^a# 
ffPll5311513#j:;^cCofe) ic^^^nx 1/^-5. .tOf^iSBlC 

itniry h ' ^y VV-iJ <Ji^^9tm'&.7^))/-yy hSr 

aji<frs. 'b■65^, «siA-^r.y his«iTtt, 

[0 0 0 4] 

[^HjTit^SStbJ;^^^^^^] ±aiCr)«S<#tt. Vyy 

-< yi/ti^-^mmiz^imzmm^. ^m\zu^-^n^Vy 

^-i- >yi7 • A5;*-^lCjfiViS-&fcKg»3. hyy^y^ 

i7@s->x7^A«. mzmnf:>-r\z^m\zis.'&^titi 

hyy^ y^ • A5;*-^'ji^f,||Me*)fC^1.n-5 h^^-T 
y'y\Z':>\^X^^'D^o\zM^^t\.ti.\'im-S.fiii>fs.\^^, 

A7;>^-^sriR^-rsfe*tc, mrz.ui^m^m<mi)^mm. 

izMLxm^^X i^ntanni-iti^Ur^^ Vyy^y^(D 

t@^vi»ssss>s^<t{c«-r^$ijffli>'X7^A<7) c 5 bfcjg 

uStt. Vyy -i y^(Dm%\^<D—\^m^{c^^\-^m^(r:> 
m'cti^^'rfm-t^fzmz^ hyy'f yi^mm^y-ou^ 

(n^mj^izWrnizUm-^ntzhyy-f y^ • ny:^ — '5f 

mtm^n. ^<n^m^\zii\^xmzn.\m^mmm 

i^^nf£.\iitVitf$.ibt$.\-^. mM(nvyy^ y{;\zii-DX 
bx. -i y-f*) :f.yy—i'3y^mM-r^±.x(DmiS-9!^ 

[0 0 0 5] 

hyy^yi7-ny:^—'^<Dmt\z1cii;i:s-r^Vyy 

^ y^nmyy.y-h.(r)mmm^-ii^^^^n^o 

©®^(*glc*5^iXiiJ$;'fk;5t^^$n-r. ^(nmm9\~\zii 

\^^xmztm^mn^xtim^-^nfi\-)n\-s.-fii^is.\,^m 
j^^^«-rsct(cj:o^^$n-5, mz. m^tmm. 
nm.x^^'ryY'm^mmomm^^-ti)-'. ^tzn^tco^ 
m.±.(DVyy^ y ^D^f^^mm^^mt^moi^m.^^ 
iE(cs»«bi!&J6-5.«^(c. ^^i^^m^}L-^\zmm-^ti 

:feX®JgiglC*frs-y— fXp°pM«8iE^3G-r 
Cl<tnc<, tSigg^L— tfSt)C;^i-y h>7-57 • ;n'^>x©M 



( 4 

7 

^nrzmmv^)i'^mtt^r:Ltb\z^ -t^t^^n^a^m 
-r^tztb\zm^^ri^mfi\m^di:^t^, ^(om-^mm 10 
mtE.-t^tzmzhmm^n^> jij* 

[0 0 0 6] h^7^ -^i^ • /t^y — ^'JiiBlfSCDSJj:® 

ffi^C9:^^*ie-rtffffflPBlJX*3ViTffl^& (extrapolat 20 
ion ) S«*ffifflL. ®J*:®«©*±^ES;fe'lt*#a:-r 
^zt\z^r), «/Mt:$n^. 
[0 0 0 7] *fg0^©ig^S{l:a««, jgiggWiJJSi^Sfc 

\iZ.^ LfzMB^tCOrztfXD^^y h<7 — !7V^ail^<D!ii'Wf^ 

iz. W}m^mm^^m-r^:it\zi:t), mmmz-^m^ 
•5, sir, ^sfi^jjcft^tiHiiai^n, zL'^i'fzm^^itiz 

[0 0 0 8] 

[^13] _ 30 

X 

[0 0 0 9] 

mi 4] 

[0010] 

[^mm m i ^£#M-r-5 i nm s izmm^n^n 40 

i>x5=-A 1 o©-)?g>^p-yi7ia*i^^n-5<, &^>vhy 
• y-h' 1 ififlficD:^-^ h^-i/ • y - K 1 1 ici 
'^&,±o)mm')yi7AnmL\z^*)*)>'y^n^o ^zl 

1. 2RU3izmm^n. h'y-i^ • y-i^ntx. 
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8 

-h*8ttX>Ky-K7. 8Sa:9tc^gg3tl^J;5{C 
S^$ni>, *y h7 — • y— H 1 1 rS'^QS 
->X-7"A*-&i5».. cn«y-KF«gtcW»r3i^'r>h^tifl^ 

Tsfiilic, ±T©^i^y-K, h^-i' • y-KR 
u:x>Fy-h*tCx-i57affli— f7>$ffltt-r-5o 

• y— Hi 1 tt«-^y— N'rttci:Pi^±cD*iJ»r 

(«SSjt«) ^n^o ttl:'3ji{I'J>i7tt^©y-h*i*i^ 
fettgijoy- Krttc*5i,iTi^*^3n-5. :Lovrz)v— h 
nmt. x-^ • n^y h<D^yirp^<Dmmzm^\^x 

Rt;:^<7)y-h*JC*3ft-5x^' l/i' hU -IJ— t'XS.DfN 

■r-5. 

[0 0 11] «-x>h-y-Ki Sijox>Hy-H 

#ijffiSaovi-rnd\ ^t/it±-?-ne)<^>ia5#«r-&tr. hi 

(Dntry Vmm^yV^—^l own.—- a^-;/ h 

• h 7-^:7 1 O^Ti^-tx-r-S^tiSilC. ^R>f^>;/h 

■7-^? • y-H 1 ncs^$nsx>Ky-HS@i 2 
$:fieffl-r-5. m^^y h -7-^ • y - H 1 1 tt, :x-if 

• v=-'5t:mi<D;-\^y h ' ^y V - ^ ±.(D^m\zm 

[0 0 12] mi <r>^y h'y-i? ±.-Qn^y V^BMt 

^355fey-h* ICS'S, ^yh'7—^^-st-r^'^mti.m'^ 
±®ffisi<o'j>^ojam?^2:i5]®-r^fcai»ic. mfzf^m 

ICj;0;i'-h*<tfff5n-5. Cl^UfcTJl/rfiJXAO 1 
1 9 9 2^4^ 2 8 BffiPO^il4'®5KEI#fFm 
7 4 9 1 7-^ (^CD^tjRMi^fF^5233604^j:fe 

■ofz) iC^^gtl^. c:5UAc:;P-h»ifh^^cn:5i, 

^n;tJl/-hlc«evijtff b, »rfc;^c«ii^&;Set-r-5J:5 
Id. ;i'-Mc}9'5&'J>^O^J^iliiO£^r^&Mfr-r-5. 
CI 3 bfcig^s^y <;/-fe-i^© 1 2 lC^$tl-5. 

[0 0 13] 02T«. 01 ©^•>' bU — i7p^(Di!iWiy 

$n-i), ia2cojg^y •yfe-viiJU-T^^' >i?' • :7^'- 
o T . mmjf-y-t- i^^&m.T^tzif) iz'^'-mfj.m 

m^'^tio 0 2 ©gggS^y yii-i^\ZitmizimW^ 
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^^R+o^ait^ffttJS^s 4 3 0 9 
[0 0 14] giggg^^i' h;n^®ffltt, m^Lfi^m^ 

mmvv- h \zm 5 ffiico y - K tc*5 viTjgs $ n, a 

*^iif3Ttf&n^«'&, 0 2 iisii;:7;j--v>y h^£#r 
s^;^K5*;*-v-fe-s^*^. ^^^n^mm.<D)i-h\zm 

[0 0 15] 0 3«2t:^Bjfcj;sy-x^J^ilia^s-9-:r 

i-;i/3 4<&-^^, CiniCA:'3 5^>3 9±CDa.— tf • 

, 3 4©aj^;«. a 1 ©^-i/ 1 0 IC^i^$n-5. 
ia3(C^$n-50t®<H©-tJ-y->X5^A*«, ^^yhy- 

1 onftjg^n-soL— tf • h77-Y •>i'®#v-;?.{c 

ffitt^tl-5o ::n?.O^^'lB«S-y-y->X5^A7!ii01® 
x>Ky-K 1 2{::Ee$n. lowd'Sbfc^i^iliW 

A«A- h* ^-f -V- h*|HiK:3 >3t?-:^^ > h ic J; 0 ^3S$ 
-5. 

[0 0 16] iii^A*'^-;/ h • 7i'-feX«i|f?l^:vjr-;U3 

■otmz. y-i >AQ^m\:T^yhr}-i7mz^'\i:^ 
mx^^Mz^h-^^, ^Jbf&^^nfc-y— fx • ^v- so 
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10 

T. ^'^^^mz^^i-y • n^v v\z%m\^-zmM^ 

1992^9^10 Bffi^^^M*®:* 
S!^flFmSll9 4 3 0 9 7^TM*$n-5. -^ICM?* 

n'xv V • ^:v^-;u3 4©tgtgtt. h^y-c v^if'^ 
vVV-^\Q (01) lcA;'3-r'5Kiffitc. ^n<^"ig 
^{C (shape) "-r^;itT'S>0. l^fC^Uffilr^ft^n 

A^hyy^-yi^<wmmmmt)^'E>±mizir\.ti^t, m 

[0 0 17] EKCliatTiS^^tlfci'StC, mrztji 

j:»3llfT$nSo ;i®^iS!itt5-i'>3 6±o-y— fxs 

S->X7^AlCSiJ*-r-l)o c:'5L;t:-t}-— fXSK (QO 
S : quality of service) S^pf^ii^a 

i^x-vx> h 3 2 \tzni^(Dmm^^^m^miRmm 

^S3 0IC/1XL, $IJ^BI^«3 0«cn?.COS*$: 

• r-5"^-X3 lrtOSff®^-y h'7-i'l25!i<h 

10 mi) t:m\:'^mmm^t:mn-r^o mmmmrn 
mmmmmmp i ma^. 1992^4^280 tamoy 
mm'^oi^m^VfOimms 7491 7'^x'm^i>nx\^^ 

^•7—^7 1 oic5!-e-e>n-5. 

• [0 0 18] 0 2CD^i^i|ii^^^«;/-fe-i?«H-^$n;5: 

^^mm<o^'j yi7iz^\,^T+^fj.^i$.mtmm'simu 
5SJtx>Hy-Ki2 (01) *tS*<&§fiL, 

»rji^m.mht^mm'^mxfi\^^w,'^iz\t. mmm^(Dm 

mmm:r.y\iy-]f\Z}gm^ti^. :in^(D^m<^^^ 
8^^UTtgg^X->?x> h 3 2(Cjg2l$n^. Igi^*^ 



(6 ) 

11 

^u^^ti)^^^Ltzi:i^ii^:A^^pmr^rctf)iz. z.<dx 

^, ^:Vi-JP3 3«SiBgx-vx> h 3 2 

3 2lc^^(cS*^n^«rifc;ich7 7-f •vi' • 10 

h ■/•^y^—S'i!)imrzy3.hyy^yi;^mzJ:K)Sm^ 
n, ^SiJRDtig^5^>'i-;i/3 3ttfffc;^C<RFtttCj;0A 

^hyy^-yi7(D^-^^mmr^. :z:L-vm^fimm 

aRlXjilie^:v:i-;P3 3<D3{c^(CHt-«.fc©T*-5. 

[0 0 19] 0 4«*:%H^(CJ;^^fflimc;tiiJ^;^r>'i- 
JKJD7'Du/i7 0$^L. HSO^-f >3 6±IC«i^$n 

^isimhyy^y^-z-^y^-^'^^mi.. mmmm^ 
t'-j/ h • u-hisasm^cDmTi^n^y v ■ ^:>?i-;i/3 

4 (DWmiZs^M-^ nfzUy K • •7-:^^>i)'fl|^JC*fJ^:L 30 

;i'3 4icj:o-y--k*7.$ti-5Slisoh^7^' y^izm.^ 

;i'5'4 5Ry^4 7ro^ti«, ¥J^k'>;/ h • u— hs^yri^ 
h* • -^-^^yifrnmo^-^m^it^y^ji^^r -y^^h 

-r^'h-V&^cy-Ol^itSnfzW-i^ifyh'l'—h 40 

n-5, cnib(Dy^ ju^itny ;^-:S'-fymft-mmp^izm 

^■A^oy ^ ji^^it/^y :^-$'tm!t^mm^nn^m^\z 
\t. yay^43 -cmfzu^^m-y. h^mm^n. 

^^■t^mzts.t^m^^i^ri>rziib\zmm^n^. mmt 
^m<Dnmt£.m.m\zmtsm\z. ^T(n^m^^fik^n 

^. 50 
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m i^m^mi^-r^rz^\z:x-^ • y-xtcj; DS*;^ 
t 7^';i/^'4 5St;4 7©-9->>i''j>i^^aio 7-i';u 

5^4 5 2SiO:4 7«ail^S:S«b. » tl&mzy ^ it 

1. 2. . . . n. . . . mf^\Zii^^Tit^:L-y h 4 
2 «*ij»f ^ Tf. 

m. mmt(Dnmm(D-*)->r'j>ifmm<Dxtihyy 

q. mm t <^n#eO-9->yU >i7'^»3CDFp1lCjiaA' 

h 3 4f^x'mm-^n^u-y H • ■7-=^yifm^(o± 

/\'yhm. nmso:)-*)->y')>ifmm<Dmr)iz, m4 
(DMy V -v—v • y-<)V9 4 5\zxK>y^)v^if^n 

■^ntzm. 

(Dlyy K • V-^>if^^7 ^' JI/^? 4 7 t'i 0 7 ^' jUiS' 

mo:>-*)->y^j>'^mmo>mo\zi5if^xikhyy^ v^? 

r" n#a©-9->^'J>y^ffiCDFBltCig3®MiftA*'5r 
y b • ^:>?j.-;i/3 4Tffiffl^?nS.yj-> • b-i7> 

tB$nSAy-> h • h^-i^tcSA^n^P— h<£ 

M.° n#gCD-9->7''J>y^W«)Pt5<D0 3W«}aA''^ 
-y h • ^r>'a.-;|/3 4f^Oi7^'J — > • I ^> • T^-JU 

h'7-i7F»g(caA$nSi/'J-> • Ay-y hOS^^Si 
£f -5. 

[0 0 2 0] X^Vyy^ i?03Fl^f-y h • hm 

mmzvv f • ^-4^>y5i^q„ 

■9->:/U ^yi^^ t OFpltCl'-y Htl2;^n-5A>5r.y 

fciSctc^Lii. cnejCD^n^^A^^ti'etiy ^ 4 

•5) «±®ilteni„SyCq.W^fi[THl3i^n^,^tcai8c 
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rumn^ti^. mi^-^n^^^iz, muBrnmnikmo) 
[0 0 2 1] ±m(D7iim<^m-mmm 942873 

£ =R (c-m) exp (- tj /b. , ) / (R-m) 
[0 0 2 2] dJl-C. 7j«^*c^ (2) T'^x.f.nSo 
[IS: 1 6 ] 7? =X (c-m) R' / (R-m) (R-c) c (2) 

[0 0 2 3] Z.Z.-ri. c\tm.m^t\^&^m^(r>7.\i~ 

h'T^D. X«em^;^OA--v:7 7 • •9-'rXT'S-5, ^ 

bet = 77 /In [ {R (c-m) +€m (R-c) ) 
[0 0 2 4] ^Anymi'VCi^T.T-I^XZ^^^X. 20 
lS||}*A*y>> h • ^rv'i-Jl/S 4T*D, A^r>;/ 



(1) T#Aen^. 

[^15] 



c-m (R-c) exp (-rj/b.,) (1) 
(1) SlU^ (2) ^^xftA-XhfilC^lv 

(3) *q#^ns. 

7] 



/ £ c (R-i) ] (3) 

'fXTS)So TT^Cfe^. *^A-X (4) T 

[fCl 8] 



(4) 



[0 0 2 5] d^lT. 77. (5) T^X?.n-5. 

[0 0 2 6] kV"j Y • A>5r<y ,h) ^l^d^Bfao^ 
x> h 3 8 (CAX^n-5. ^i^iKaStfS^^^S^^n^ 

iiJ^A-ir-y h . A7p^-5'®^ffl(caViT«, HSte^M 
*(D*S#fFffiSS9 4 3 0 9 7^{Cff^*ffltcai'<^nT 
l/iS. 40 
[0 0 2 7] ^^-JU^ 4 5RIX4 7«, ftt#«t¥l^ 

n-€n$s»-r-5. t mmt.. «ggx-vx> h 3 2 

f. = ax..,+(l-a)x. 



[ISl 9] 

(5) 

Zf^)>if ■ V-h ttJ01©^<y h -7-^:7 1 0coa;^» 

■T— ->3 >(Cte#-r-2). jU^4 5Rt;4 7fiSffi 

MO^fiJtCV-yyf -5. X,. X, X. ^±<D 

M^iiL. A-yhx,, A>yhx, A<yKx„ 

^^mt-r^ (C::Tx«mSfc«q) „ 

-rf£t>*>. n#i©^ffl!lA-y hx„ (6) T-^x 

[SC2 0] 

(6) 



[0 0 2 8] • A^^-^a«0<a< 

iT*o, s (6) ®2^»jj(o*aji^tmms^9i^-r 

■5. a«tt«S4©^l^L'- h • 7-<;i/^'4 5*a?J[J{C 50 



( 8 ) 

IS 

[0 0 2 9] A-y hm,.*«!]^^^^A«;/ hm, 10 

[ia:2 2] l-o."'=0. 9 (8) 

[0 0 3 0] St/, 

m2 3] a.=0. (9) 

[0 0 3 1] s^sr-So 

[0 0 3 2] SKirBlSiiJ-W (confidence interval anal 
ysis) T. (RZSTq) ©{gCDgtSAi^cDX 

1. ^J^i'-ht^aii^triia-rsjsait' ($fc«Ki:^ 

<i:3fiS:tC) 1^— {CiJ-^llf ^ ( I I D : independent iden 20 
tically distributed) "m^' iS^SiJ-T-S. 
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ummfi\^m-ttztb\z, ^dSi.nTfxtmmz'&m^n 

Nm #BC9^ilfJ(i;^S (7) 
(|gc2 1] 

(7) 

[0033] h77^-v^7 i)^'&iL^^T^m^^^W&^ 

tL. n#BCD-y-'f i?;i/SB. + I.CD^J^f-y h • l^— 
hY.^Y.=RB./ (B.+ I.) t-r^, B.&t/In 

2, . . . } 
[|&2 4] 

(10) 



[0 0 3 4] -C#^e.n, -^-CS^MMa, tt*3i5<t-?- 
[0 0 3 5] T-^x.&ns, 

[0 0 3 6] •y->:/;i/¥l^m*^?gfi^1B8 (m-z., m 
+ 2.) Rt/?l^^'^;i'0. *Wf-5J;5tC. M. S:->- 30 

<r>xY,rto^/h-y->r;p-t}-'rxt-r^. (i 

2) Sr^S-riw.*ilEM5)-^5^-:/;i'35^e.|i#Wtl-5 

[0 0 3 8] mm(Dmmi^^)v^mn-r^rz^\zm^^ 

^, llHlwai^tJ^i^Tb.r/mfj'^&SL. T. 
[ic2 8] T. =M. (b.,/m) (14) 40 
[0 0 3 9] T-^ASn-S, 

[0 0 4 0] 04©U-<y K • •7-+>^{t^7w';U^'4 

' io-(?si^(i-f) 



[^2 5] 

(11) 

[|S2 6] P {-w.^W^w.l =e. (12) 

[0 0 3 7] wti-fn^J^stxmfic^^St<&*-r 
-S.t^iCiES^i'^-rs. M. (13) IC<tO#;^ 

[ifc2 7] 

(13) 

:t>^FB^t'A'-vd7 • y— • nyfj (back- to-back) \zm 
*-r ^ B$ tC.«M^ fC « ^ TBi* Z.Z. T-fieffl $ 

nTvVt'^VvY' (X. = 1) %tz.\t9^)-y (X, = 0 

T. 
[|gc2 9] 

(15) 



[0 0 4 1] Tfe^. X, COSi^MMo.H 



(IS3 0] 



<16) 



( 9 ) 
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CO 0 4 2] 

[0 0 4 3] ¥i^\fyh-\^-hm\^mmT. ^mw-r 
[0 0 4 4] x'^^<E>n. cciTwt iiw.tmwzm 



[0 0 4 5] T'-^A^n^, 

[0 0 4 6] m40:)y^)[^^4 5RU4 7\t:L(D^'^ 

(c, -etiipn^ (14) (18) •vmm^ti^m] 

fttcig, JttJrL--y h4 2j'gjiisn^. cine CD :7 

^mmt^tztbiz. c:ne®fiS(DSK^t6/5:-fe-v htit 20 
K^ns. rrsiibt,. mrzummmm^^u-^n^o z. 

[0 0 4 7] 0 5fciitjH9fc, -mzmtzfit^mu. w- 

h • U-h^rz\tXf]h^y-^ >>i7«"A--X h 
ii"f)^m<Ut). Ji?^/N*^r.;/ httl^S 4*^ 1) ^(om 

m<D9rm^tirz±t^/-^'ry hm^mm. 2) isi 

*ffc;^S^ti, ¥J^fc:-;/ h • l^-h^fzitXtlh 
^y-^ yi;<on—Xh^:fy^+^iZiS.<fjir). 3) 30 

mizn-r^^mmm^rim'>r^:Ltiz^K>^-y h7 
(DmuT'it. mmx^n^^m.m\zht-^^, 
mfb.mi^(nm^^'&m-t^rztt>\z. :iti<^(D3^(D^w 

R ( r -m) exp (- n /b, , ) / (R-m) i 
(20) 

[0 0 5 0] SriiSf'S. CZ.T\ 

[^3 5] 40 
77 =M. (r-m) R'/ (R-m) (R-r) r (21) 
[0 0 5 1] Tab^, 

[0 0 5 2] El 5 «#'f > h 5 2 i 5 4 53®^^ 5 3 
IZ, ^yhU-i^^cDm&fS.h^y^yi/o^^mit, ± 

tz'pmy-i^izm^n^uy H^iEb^t^ffl{c<j;o, m 
(Dmmcom^mmizm^'^R.ii-r^mz, cine.wftiiw 
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(q-Zj . q + Ze ) RZ^mmU^)l'9 1 Sr^fig-T 
[IS3 1] 

(17) 

[SC3 2] 

(18) 

[0 0 4 8] aSH:?^-;/ h-?— i7'scoh774' <7i7A:'7 

T. /i^y h- :^y hu-i7mm(D^m'm^mft:^ifr^ 

5 2Fp^©ffl«S5 1 mmmoy^^/'i^y i-m^mmo) 
mn^m-r, mm^t(Drzit>. :i<Dmm<D±i^/'^'try hm 

■rut>%e, (0. 5. 5. 0) xi.ti^u. m^^mm. 

^tzist>\z^mmm^Ti!)imn-^n. s fcA-^ y r'smt^ 
31 

0 (£.) =qT0 (£,) + (l-q,) 0 (£.) (19) 

[0 0 4 9] o (e) «£ (0. 5. 5) xi 

q.ttU-V K • •7-^>y«|^. -rUt)t> Q,=0 (a 
. ) /O (£,) qd^qx^-^J^TiiiJO-r-Si:, 

^^a^Bi^E, ^m.f^tii±:if\zm 

&^nfJ.»rHtf3.ibfJi^^. S5tC*3l^T. ft«S5 1«q 
= k,q,$r^i;s (m. b.,) #-r>hO**0T^0 

(ccTk, «5) . smmmm^<Dmmmm^<D±it[: 

mX'&^o TUt>%. tt^5 l«mtb.,©^CD-b:-y h 
[iS3 4] 

-m (R-r) exp (-r?/b, ,) =ki Qt 

±Tais;^ n^^i^nicii L wsseit v xn y y 
r\zxti-^n^n. 'J yc^^conyyTonyyT^^ 

^y h'y-'!7izmm'^mt£Uy H • hyy^ y^m\zm. 
^t^^^hu^mo . ^xnY=7y -< y^ii^m^n^y 

?,TSS, Vvy ^ y ^'^9tm'SL\tMm\zmz%<r:>fs^^ 
■y*— t*;^T'5;^^ (first-come, firsl-served basis) 
Tfe-SCOT. yj->RO;U'-;/ K • h 7 7 w 
IC J; * A' >;/ 7 r n^if^^^^tXtmrCHU €) 7t£li. Sfc 

u '7 K b # fa nmmm ^ym^^^o\zwm-^ 



( 10 ) 
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[0 0 5 3] lascDttsis 3irA<D^o{zm^:^n^o 

k,>l) ICliilD-r-5<t« •yi'**^?/ 



20 



76 



[0 0 5 4] ©la^SriiJEf-S^T® (m, b.,) Jt^-f 
[ic37] 

(5= (r-n) R'/ (R-m) (R-r) rb,, (23) 
[0055] 3j?'f>h55i:5 7<J:©rB^®ffi^5 6tt0 

6ttr/'1^/-^'i:;^^i^T© (m, , ) jI^-Y > 



2y 



[0 0 5 7] ;iz.x\ T\-i.^h-i;y^^u--\--x:h 

[ISC39] 

y= { (R-m) /R) b., Ind/t,) (25) 
[0 0 5 81 "C^-sV 

[0 0 5 9] *%B^<^»lliS^jicj;ntf, 0 5 co®^£:M^i^ 
5 SttS (2 0) 75M (2 5) (C<k t):^#*l9:lt e-tl, 

«-r, MM5_8w^"^^*^^'la*^-t*t-iSS^ 

*fcffi^5_8©T^Tli^J®if@*tir^(C^S$n 
-5. k,, k,. k, cDfiltiHl CD^>;/ h"? — i7©^RlfM 

k, (i2 7I»Sl OOiSH^rmO, k, « 1 . .m±*IPI 
k, fiO<»:0. 9 i:<DFB^®$gH$; 
«)-57:/'J';r-->3 k, = 5, k, = 2. 

k, =0. 8 ttJliT^ffJcl&f^Lfc, 
[0 0 6 0] CIlT^StcS^fJ^n-SjUt^S^cDSS^ 
*lJ8lr■rSfcse)lc^£:^SAJ:Jt«!^/0^, tk^^i^pItgi-T'Sfc* 

^/^mnxsio, mitnmmm\zm-s!^-$n^o^-c. -?-n 

q=R (r-m) exp (-7?/b, ,) / 

[0 0 6 2] ;i::t, tjUS: (2 i) T^8^?ns. ;i 



119 4 3 0 9 7^TizR^&n-5«k5(r. ji?^/N*y>> NO 
[ic3 6] 

(22: 

e6k,T$.t?, Ci:iT?/MSg|5k, «tlJ^OU--rX. RCX^ 

y]^i)mm(D^mm\z\tm^u<m-x'$,^<D-v. k, 

[0 0 5 6] *«ie<k«)fc46. ±T(DnyyT ■ ^^Xf^ 

n— (X) Ta&Ov #u>^'tc?*-rse^a*5g^*t[si 

20 — (£, ) T*-5fcOi:^^-r-5. MIC h 7 7 # 

^. 0 5Ott^5 6tt;*:©M^*S§S-r-5^T© (m, 
b,,) > hW*SDTS.^o 
[i^38] 



(24) 



hni„. A^;/ hq.jR-f > h*?i3 5CD^i^5 8*^e.:51- 

m\^xm-^-yyi\:-r^z.tizj:K). «b<fiiis^ti-5, 
CI ©FIT -V 6 ics%$ . 
[0 0 6 1] me Tn, ig 5 (DrnfL^mi^AWt^ \::yh- 

(q) w-Miz-^yy^ii^n^, m5x^m-sti^(Dizm 

^^^tX, dne«^ (2 0), (2 2) (2 4) 

ic^n^'ti^j^r^-r^o (m. b.,) ¥ffi±©ttSc©7t?-i- 

•St. ;^OM^*ie> (m. q) ¥®±<D5j?-f > MCT <y 
[^4 0] 

(R-m) r-m (R-r) exp (l7j/b. ,) (26) 

50 (Dn-^yyithmuumn^-^ts^^, mn^mm u) 



( 11 ) 



#I1F2 7 9 4 0 8 2 



21 



22 



m,. q, ) lcj:»3^$*a. d ^:TA>:/ hm, a# 

v'a-;!' 3 4 JC J; 0 U- -7 H • -7-:^- 
[0 0 6 3] 0 7tt0 3(D^Z|iJR^;jSj?:;^vaL-;i/3 3 

7 ic55^nsjijST;i'rf 'J XA«KAT© J; p ics^fj^n lo 

•5. 

A. Wmit:Wmhyyyf ' /-^y^-^ (R. 

1. ^ (9) 75M (14) *>e,N.BLUCa.S:th»f -5. 

2. S (16) TiM (18) *^e,Nq&Otaq>£H-#-r 

3. (m, q) ¥®rtO«M«R (mo, Qt) ^nW-T 

-So 

4. /N-;/ hm,=m, . /N-y hq. = qT. n=lSCJ^j= 20 

B. s-ateFaipgn. n = i. 2, . . . , mmoiz, ^ 

C. n<N.JC*tbT, -t-^iZjEmU/W hm, ^WrW-r 

^ Tzib iz+m£^<D^omm^ti^^m ^ n/td^ no*^^ 

1. n^om-^, n< j +Nq»c*fbT, mmo^tmm 
:f3.^(D^<r>qm^i)^^m-^nrzi)^iz^7b^^y'x h-r^o 30 

a. n = n + 1 {ctiii-L. Xx^y^ (B) 

b. . ^^(D«^, (/N'V hnii . /\y hq.) R (A-;/ h 
m, , A>vhqt) tC^LT, SftO (m, q) -tly hf)^ 

(B) 

•ffli®58' lil-T^^^'i^ti, (D) (dX^-y 

yV. (A^yhm, . /N>;/hqJ S:ffll>TilT 

^c;5:^^?&S*-rs, 40 

2. n^N. ?S:€>fS. n<j+N, IC?*LT. ft^CS 

^i-^i:^©^CDqi|iJ^*t§ft^tlfc*^^7^X hf^, 

a. nSr*i^)-L. X-riyy (B) tcK-5= 

b. #^®«^, (/\-;/hrn.. /N-;/hqJ R (/N-;; K 
m, . /\-;/Hq,) t;i*fbT, ^ftiT) (m, q) ir-;/ h*^ 

06©^i^5 8' i^ic?¥^E-r-5*>$T-;:^ 

(B) 

;5 8' nTS^^t^ti. T^y^y-y (D) 50 



D. fl(rf3;^5^-;/:7'oio/0^e.§«^ti^A^^-^'S:<se 

3) Srg^TS. 

E. i^igx— i?x>h 3 2*->^|frfc^t->X-7^A • A7;>^ 
-^^ (r. M,, N., N,, a., a, ) Sr^^r-S. d 

F. ^TO->Xt-A • A7P^-^S:iKfcJ5:MICU-fe<y h 

1. A>;/ hq.=qTS:tJtj =n{C-fc:-y h-r-S. 

2. n = n + 1 tCii^J-T-S. 

3. 7-.=rvzr (2) JCM^. 

[0 0 6 4] @7$:#flgr-l)t. iaiSyD<y^ 7 OTi^ 
* D. yp-v^ 7 HCSfrL. CI^ITJ^^ (R. m,, 

^^d^Slt^ns (raP#tca»^jggS*^->-fe— ;?55t^i^ 
X->'i>K3 2 (03) tCctO^-y hy-i?±tC^-& 

^n^) o yuy'7 1 m^<r)^mEasm'^^'^-J^ 

y H • h-^>ai^a!l^©«/jNgcN, . F • h 

tc:/a>;/^ 7 2T, A>y hmoO*!J^7^';U^''fbffl*^m. 
(^mmmmz^Ly hSn, a-;/ Hq.®?;!)W>'-i';i'iS'{t: 

h^n-s. m.m\zfuyi7 7 2-^. m'&f^mmw.ni)^ 

\'\z±yh^n. ^i^S^iS: j Ji^" 0"tc-t>y h^n 
h -U-hm. -RUUyY' h — i7>lt*q. -O^Sfl^ 

z.n^<r>±(r>mt.-7uyi7 7 A-i^. mwy-ov^ 
(9) tcJ:0 7^';i'^'^t:^nit#A-y hm,, a 

[0 0 6 5] r/P-yi' 7 4(Dm:'3«, +5j'tCIE«;^E¥i^ 

tc, pmyayi; 7 5\zmi^-^n^o wtw 

:/P <y ^ 7 6 0 . gftCOSS^MfreAJfe. -\-^\ZiEm 

ui^y\i ' I — i7 > • ■7-^>'ifmm^m^^m-t^tz 
m^ntzfi^E^A^^mm-r^, ^dx-^wspi^f-y hU' 

-ha'J^«. lffiigtcMlxTlS;t:(t. m/hmzMLX 

-=¥>ifmmmm-s.. mmtt^mm-^n^mizmw^^ y 

/JnS (c« U T ^ X ^ $ n/j It n«;^ ^ ;i I ^ d t ic ttlc ^ 
*iJKli:;^P-y^ 7 5 RUT? 6 +»;^j:¥l^lf >y 
h • U-hWl'&h+^fJiUy H • h-i7> • -r-^yff 
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[0 0 6 6] Vim-yu -7 7 6 -G^'^U^n ('>7i< t 
t) j +N, ) (Ji^CDVv H • h — ^> • -^-^y^mM 
SiJ^*^§ft$nfc<h*iJSJr$n-5i:, *iJW^p 7 8 tC 
^•3, (m, q) spffiF'i® hm, . y\-;/h-q,) # 

■OhjJ^ 0 6©iilt;«g«5 8' F^tC#ft-r-5*^<i:o*^ 

>h (Au/hm, . y\-yhqj 6 ©ji^&^i^ 5 8 ■ 

Uhyy ^ yi7^^ (m,. qj ^^-TS^iBgSS^-r 
-5. T7it>-^. ;N->hq. , U ■;/!-•• I — >«g^^SiJ 

^iEfll letter ^ jt* (t+^>^ q > :/;PdiSfi $ nfe 

mf^m^ 5 8"*^ >;/ i7 7 9 T'Srfc 

8{cMiitT^-^e>n-S.. ^igg^^Mii^ti^i, :rDy 

[0 0 6 7] :/n-;/i7 7 5T> > h • l^- H®+ 

■^-^>i/mm^^m-r^rzsb\z+^t£i&<D^(D(i„ u 
5=-;^h-r^. fct^^+^j-;^ccq. •y->y;i/7!>i§fi$tifc 

>h (A-yhm., Atyhq„) ^i^igjiSffii^S 8' ^-'^il- 
^K^itLtztzibiZ. (A-yHm,, Au/hq.) 

-5, :/D.y^ 8 3Ttgigg*tSff^nfcm, :/n-yi7 8 4 
m„«-hm,+(l-/i)m„ 
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jHOH (A-;/hm.. A-;/hq.) d«®j£:®®5 8' P*g 
IC^ar-StliJif^n-Si, >^P«;/i7 8 4[r#0n5:ii 
»L.. :;*:{C>^P>;/i7 7 3trSSi^fTLT^®iH!)^fflS:^ 

[0 0 6 8] W8ff:/P<;/i7 7 7T, h* • V-+>y 

tt^^^sijT tr+^)-;^j: q „ tmt^^m-^nrztmm 

^ti^t, Pm-ynyi7 8 Olz^K>. (A<yhm,, /\ 
hq,) >h*i3gf£;Sg«?5 8'rt(C#ft-r^*^<!:'5 
^^i&'T'X hf-S. #^0«^lCtJ:rP-7i' 8 4(C^t3 n 
■^CD^:^P!yi/7 SICff^SfrT^. (A>y 
hm.. A-;/hqT) Tji^ > hitm^-mms 8' 75^e.^n 

(A-;/ Km,. A-yhq.) J; DMSff-S. ^^ClC^ P 
i/8 4tC^f3 n^li^b. :i>:tC:/P<;/i7 7 3 tCSffi^fT 

[0 0 6 9] 07 fCS^^ n-5 ya -> tt^F®fj:*Jg0i) 

7 «)T;i/d' u xi.(Dm-^ib^03-Mm\zKm.&ium^ 

> fcf i-i' ® >f Iff *g/Mb-r ^ J: 3 {cigth $ c t 
^fc^a^S 1'. 5 3'&yt5 6' OiEIlJ 
mMRZ^*fJiS-r-5qfflC9 2*7CgB5lJ {q' (mi ) , q« 
(mj , i = l. 2 K) ^±fl^t^tzt()\Z 

mea^mjit^mms 8' mM®ii6HSr*y\*--r-5^i^ 

©mtC:feViT, q®fflS:+»->yj>y-r-5C:<h(CJ;D-1' 
>:/'J;*> h^n-5ji^{Cft«*S-r^, mflitt-fPt^ 
ffiMffl^5tlSi/'J-> • I — • y-X • U'— h r t 

ttiSfS-ib. A yhm. > r ;5t^tr±:;^S^i|6alSOjgJ>S 

i;TgSn^«;^U— hT-a^S) . ffiOq©ffi«f2tefil<D 

;ie.n.5<h. q° (A<yhm.) SU^q' (A-y hmj tC 

is-r^A-vhq. <Dmmm^A:d^^fE-^ri^. mtzw\y 

Hq. 2 t^WMFB^JcSfiEt- St 

tzum\^m^m.WL 5 8 ' ic^ d , ^nj^;LnT'«fa*^ii 

[0 0 7 0] 0 7®T;i':^UXA©lt3©a:j^T«. ^ 

5 8 ' (DT^i^^ft^ 5 6 ■ ck 0 fcT:*r «^ 
ffliJ(3Wr-5m„Rr/Cb., COtl-fftc:, t7.5^'J • a^ 
;*-5'h (0<h<l) ^&^AT^Ct(Cj;OSfi£^Ftl 
•5. ■r;St)-^. ^SiJ (/N-j/hm., /N<yHqa) *i*^5 

(?gc4 1] 

(27) 



( 13 ) 
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26 



[0 0 7 1] ROC. 

m4 2] b.,°-hb.,'+ (1-h) b.,' (28) 

[0 0 7 2] -A^m^^i^ hji:BiZJ^mfctj.mw^^'y v- • 

/'?7^-^'5'tf-gCfS75:Je)(c^ffl$n-5. h©fii«0. 
[0 0 7 3] 08«, 07<D::^D<yi7 7 9. 8 2Ry:8 

(D) fc-®tc^sn-5^iggK»r«!Lsogsn0<&^-r. 

m7(D-:/a^:/i7 7 9. 8 2RZ>'8 3©^;^Mff7JPrf 'J 
XA«. 07©gittl075^e.§5f^n-5mRU:q©ffiS:M 

[0 0 74] mmiEm7)iziv xa : 

A. S: (3) *^?.b,,Srth^L. Srfc;/5:b.,. mRtXR 
*-tty^i^i|iHffS*^-;/-b-v' (0 2) *2im-r-5. 

•yT^ (C) C^frTS. 20 

1. f£:;s*«§^©«^. *I7L, 

2. Xt"-;/:^ (C) ir^frTS, 
C. Sifcfjgiggtc^L. «T««&th»t-S, 

1. mi^J^^yh ' n^^-^ r (yu->-l — 

• y-x • p~ h) RtXM, (i^'j — >•! — iry-y 
-;i/-tKX) $fffi[-r'5. 

2. ff;t/ijgil;®«eR (m, Qt) (06) 

3. N.. a., N.Bcy:a,Offfc:^ffi*lfff-r^, 

[0 0 7 5] 08*#M-r^t. Pii&:/P-yi^ 9 OT^ 
tthm. ZfOv^9 HZ^K), ^ (3) $rfflViT»ifc?SW 30 
jSlA-X hftb.,®{i75itfiE$n^. 9 2 

tZl^K), mi <DZf a'yi> 7 9. 8 2Sfe[i8 3-rJg^^ 
tlS«i^#ttM$:ffl^^T. SiBgX-->'i>h 3 2 m 

'>x7'AUim^mmmm^\z^-ox^m^ 

h3 2{CjgaiSn^^T#^T-5. ;^^:^CW»r>^□>;/i' 9 
Sic^O, ftS^TJi*^ (Sfrl^ol) (H^ 40 

nu, :/D->xr«yD->i7 9 7T*^7r^. 

[0 0 7 6] M»t:/p 9 5 t 
WKr^n^i:, :/n y 9 8 tci^ 0 . fr;t;&jgf*/'?^r -y 
h-/"?^;/-^^ (yU-> • h-i'> . y-x • 
K) RZ/M, (i/'J — >•! — i7> • A-y^T • ■y-'f 

X*) *^±KEOck5{c^sij$n-5. cne)CD/i7^-^tz 
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